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Abstract. Lithium became a strategic metal in the last 
decade due to its widespread use in electromobility and 
green technologies. Consequently, demand has 
increased significantly reviving European interest in 
lithium mining and leading many countries to assess 
their own mineral resources/reserves to secure their 
own supplies.  
A compilation of European lithium hard-rock 
occurrences and a systematic assessment of 
metallogenic processes related to Li-mineralization have 
been produced. Accordingly, it appears that lithium is 
well represented through various deposit types related 
to several orogenies from Precambrian to Miocene 
ages. Thus, these deposits have been identified as 
mostly resulting from endogenous processes such as 
lithium-cesium-tantalum (LCT) pegmatites (e.g. Sepeda 
in Portugal; Aclare in Ireland; Läntta in Finland), rare-
metal granites (RMG; Beauvoir in France; Argemela in 
Portugal) and greisens (e.g. Tregonning-Godolphin, 
Meldon in UK; Cinovec in Czech). Local exogenous 
processes may be related to significant Li-endowments 
such as jadarite precipitation in the Jadar Basin (Serbia) 
but are rarely related to economic grade and tonnage of 
lithium. Moreover, common parameters are identified in 
the Li endowment processes including: 1) a pre-existing 
Li-rich source; 2) a lithospheric thickening; and 3) an 
extensional regime.  
1. Lithium: strategic and critical aspect 
In the last decade, lithium has become a strategic metal 
due to its physical and chemical properties making it an 
excellent candidate for electromobility and green 
technologies such as Li-ion batteries and other energy 
storage devices (e.g. Manthiram et al. 2017). As a 
result, metal demand has increased significantly. In this 
context, identification and assessment of lithium mineral 
resources/reserves is a crucial step and lithium 
metallogeny has been identified as representing a major 
subject for discovery of new mineral resources.  
A geographically- and geologically-based 
compilation of lithium occurrences with their 
corresponding features (deposit types, Li-bearing 
minerals and Li concentrations), has been produced. 
For the first time, this extended abstract gives a global 
overview of the identified Li deposit types and features, 
and their distribution throughout orogenies in Europe. 
Moreover, based on this compilation an effort was made 
to constrain Li endowments in terms of their 
metallogenesis, in order to present potential processes 
responsible for Li endowment and introduce potential 
prospective areas.  
 
2. An overview of the geological processes 
Several deposit types show Li-bearing minerals. Herein, 
deposits have been divided into two distinct processes: 
1) endogenous – related to magmatic process and high-
temperature hydrothermal processes; and 2) exogenous 
process – related to sedimentary processes 
/hydrothermal fluids.  
2.1. Endogenous processes related to lithium 
mineralization 
Several Li-magmatic related events are identified 
through time (Fig. 1). 
2.1.1. LCT pegmatites 
LCT pegmatites, which may comprise spodumene, 
petalite, lepidolite and amblygonite-montebrasite 
minerals, are widely represented in Europe (Fig. 1) and 
show various ages from Paleoproterozoic to Miocene. 
In the Svecofennian Orogen, LCT pegmatite ages 
range from 1.8 to 1.79 Ga suggesting a relatively late 
emplacement in the orogenic cycle, postdating the arc 
accretion and a regional metamorphism, and might be 
related to a crustal thickening and to the late 
amphibolite-facies metamorphic event (e.g. Eilu et al., 
2012). 
During the Sveconorwegian Orogen, emplacement 
of mixed niobium–yttrium–fluorine (NYF)-LCT 
pegmatites (910-906 Ma) appears coeval with 
gravitational collapse and post-collisional magmatism, 
as well as low pressure/high temperature 
metamorphism (e.g. Bingen et al., 2008).  
The Ordovician Scottish and the ca. 412 Ma LCT 
pegmatites from Ireland (Barros, 2017), which are part  
of the Caledonian orogenic belt, appear coeval with a 
crustal thickening and post-subduction magmatism. In 
the Variscan belt, various LCT pegmatites are widely 
distributed. Their respective ages suggest emplacement 
during the late Carboniferous reflecting extended 
fractionated magmatic events through the European 
core related to post-collisional stage of the orogenic 
cycle (Fig. 1; e.g. Melleton et al. 2012; Neace et al. 
2016). 
Finally, deposits within the Western Carpathians 
(Slovakia) as well as the Austroalpine pegmatites of the 
Eastern Alps, which form the extreme margins of the 
belt, indicate Permian ages coeval with a regional partial 
melting (e.g. Ilickovic et al. 2017). 
 
 
Figure 1: Simplified geotectonic map of Europe (modified after Charles et al., 2013) and distribution of various Li-
bearing occurrences
2.1.2. Rare-metal granites (RMG) 
RMG (Fig.1), which comprises various types of Li-
bearing minerals including Li-rich micas (e.g. lepidolite, 
zinnwaldite) are identified and are mainly Variscan in 
age (e.g. Beauvoir, Montebras in France and Argemela 
in Portugal). They occur as very small, relatively 
subsurface granitic plugs, typically less than 1 km
3
 and 
two main types (e.g. Černý et al., 2005) are recognized. 
The first group is characterized by metaluminous to 
peraluminous, low to intermediate-phosphorus RMG 
with very high concentrations of Nb, Ta, Sn, which occur 
in both post-orogenic and anorogenic geodynamic 
settings. Li endowment is moderate (100 to a few 1000 
ppm) and is mostly related to zinnwaldite mineralization 
(e.g. Cinovec and Podlesi granites in Czech Republic). 
The second group corresponds to peraluminous, high-
phosphorus RMG with strong enrichments in Ta, Sn, Li 
and F, which occur in continental-collision settings. In 
this RMG type, Li concentrations are elevated varying 
from 0.5 % to 1.0 % Li2O and Li is present in lepidolite, 
Li-rich muscovites and the amblygonite-montebrasite 
series.  
For both groups, their emplacements during the late 
Carboniferous are related to the post-collisional stage 
ending the Variscan orogeny (Fig. 1; e.g. Cuney et al. 
2002; Melleton et al. 2012). 
2.1.3. Greisens 
Li-rich micas (Li-rich muscovite, lepidolite, zinnwaldite) 
and amblygonite-montebrasite group minerals are also 
well represented in Variscan greisen deposits (e.g. 
Cligga Head, Tregonning-Godolphin, Meldon in UK; 
Dlha Dolina in Slovakia; Montebras in France and 
Krasno-Konik, Krupka in Czech Republic).  
This deposit type corresponds to high-T 
hydrothermal transformation of fractionated granitic 
intrusions (pegmatites, granites) within its upper part 
into a porous muscovite-quartz assemblage at the 
granite/host-rock contact and/or along multi-stage 
crosscutting Sn-W quartz veins (e.g. Černý et al., 2005). 
Greisen may form up to 100 m thick units with irregular 
to sheet-like bodies. Peraluminous RMG and 
metaluminous intrusions represent favorable granitic 
bodies for development of these deposit types.  
2.1.4. Quartz-montebrasite veins 
Existence of Variscan quartz-montebrasite hydrothermal 
veins associated with leucogranitic cupolas have been 
identified in the central part of the Central Iberian Zone 
in Spain (e.g. Valdeflores, Golpejas), Portugal (e.g. 
Argemela area) (Roda Robles et al. 2016) and France 
(Montebras area). Theses veins are hosted by granitic 
bodies or metasedimentary rocks and are generally < 
1m thick and fill out fracture sets. They show a high 
proportion of quartz and scarcity of minerals such as K-
feldspars.  
They appear to have been formed during the late 
stage of the Variscan orogeny and are spatially 
associated with peraluminous RMG. 
 
 
Figure 2:  Various types of deposits related to Li-mineralization and selected examples. 
 
2.2. Exogenous processes related to lithium 
mineralization 
Li-occurrences in sedimentary formations are related to 
various exogenous processes such as hydrothermal 
and/or erosion/transport 
2.2.1. Jadar deposit type 
This deposit type is Neogene in age and related to 
jadarite mineralization. Occurrence of several other 
isolated intramontane lacustrine evaporate basins is 
suggested in Serbia (Fig. 1), as well as in Bosnia, such 
as the Lopare basins, where jadarite occurrence has 
been reported. Interestingly, the basement of these 
basins includes LCT pegmatite suggesting a local Li 
endowment in the basement (Stojadinovic et al. 2017). 
Formation of these basins occurred in the late stage of 
the Dinadiric orogeny (Fig. 1), coeval with the 
extensional collapse and back arc extension due to the 
Carpathian slab retreat (Simić et al. 2017).  
Precipitation of jadarite is poorly constrained and 
some authors suggested that interaction of clastic 
sedimentary rocks and surrounding brine, possibly 
involving hydrothermal devitrification and hydration of 
andesitic-dacitic pyroclastic material or alteration of clay 
minerals, may contribute to its precipitation (Stanley et 
al. 2007; Stojadinovic et al. 2017). 
2.2.2. Mn-(Fe) deposits 
The Li-bearing lithiophorite mineral, which precipitates 
from secondary fluid circulation, is widely present in Mn-
(Fe) deposits. In Europe, two distinct periods show Mn-
(Fe) deposit formation.  
From Cambrian to Early Ordovician, deposits in 
Scotland, Wales (e.g. Drosgol Mine), Lake District of 
England (Clews Gill), Belgium (e.g. Ottré) and Germany 
(Harz) (Fig. 1; Romer et al. 2011) represent a notable 
relic of the Cadomian orogeny (650 to 550 Ma). They 
are exclusively located in the Avalonian plate, 
constrained by the Rheic suture, and are formed from 
weathering of the Gondwana plate.  
Mn deposits formed in Hungary (e.g. Eplény and 
Urkut deposits) are Jurassic in age (Fig. 1). These 
deposits are associated with marine sedimentary rocks 
composed mainly of bioclastic limestones and black 
shales. Romer et al. (2011) suggested that the lithium 
component was derived from chemical weathering of 
continental crust and concentrated originally in 
siliciclastic or carbonate rocks. Moreover, distribution 
along regional faults appears as an important feature to 
focus fluid circulation (e.g. Candwr Fault in Wales, 
Cotterell et al. 2009). 
2.2.3. Bauxite deposits 
Li-bearing minerals (mainly lithiophorite and cookeite) 
occur in bauxite deposits. In Europe, these deposits are 
Jurassic to Cretaceous (Bardossy 1982) and are located 
northern shores of the Mediterranean Sea (Fig. 1). 
These deposits are stratiform, related to non-uniform 
karst bedrock in which bauxite horizons are relatively 
large. The Halimba mining district is one of the largest 
area, thickness of the bauxite varies from 1 to 40 m. In 
these deposits, the Li-bearing mineral lithiophorite 
originated from secondary fluid circulation in the host 
rock (Bardossy 1982) forming Mn-rich crust layers in 
epi- and supergene crusts.  
 
3. From sink to source 
 
As suggested herein, several parameters may 
control Li mineralization in Europe.  
Observable clustering of endogenous Li deposits 
such as LCT pegmatites, RMG and/or greisens may 
involve a crustal anomaly or a Li « pre-concentration » 
related to paleoenvironmental sedimentation conditions 
(e.g. type of basin, host rocks, climate) and/or post-
deposition processes such as weathering, basinal fluid 
circulation in the crust, more generally preserved along 
paleo passive margins. Thus, this involves existence of 
a primary Li-source which can be of magmatic origin 
(e.g. erosional material from a continental magmatic arc 
and related Mn(-Fe) deposits and lithiophorite 
occurrences) or sedimentary origin. In that respect, a 
significant lithospheric thickening may reflect a favorable 
process to concentrate Li in a specific location.  
Secondly, timing of fluid circulation appears an 
important feature for Li-endowment, which is either 
related to a regional or local extensional regime in an 
orogenic cycle. Thus, sedimentary/hydrothermal Li-
deposits are mainly related to regional extension (e.g. 
rifting or back arc extension) whereas, magmatic-related 
Li-deposits are associated with local decompression 
and/or transtension strike-slip deformation in late stages 
of the continent-continent orogenic cycle leading to 
formation of a volatile rich melt. Remarkably, 
sedimentary rocks enriched in Li during the extensional 
regime (e.g. Jadar Basin) may represent a favourable 
source for Li for a subsequent magmatic event. 
Unfortunately, data to confirm such a hypothesis are still 
lacking. 
Finally, distribution of Li-occurrences is strongly 
influenced by the location and geometry of fracture sets. 
Thus, high permeability fractured zones seem to act as 
favourable channel for: 1) evolved magma and allowing 
emplacement of LCT pegmatite or RMG; or 2) 
hydrothermal fluid circulation throughout sedimentary 
successions (e.g. Jadar Basin, lithiophorite occurrences, 
the Aalenian black shales) leading to secondary Li-
bearing mineral precipitation (e.g. lithiophorite, 
cookeite).  
 
4. Perspectives for exploration 
Lithium is not rare in Europe and is well distributed 
within several orogenic belts (Fig. 1). The Variscan 
orogeny (Fig. 1) shows the strongest Li-endowment 
through various Li-deposit types, whereas older 
orogenies mainly contain more localized LCT 
pegmatites (Fig. 1), potentially due to successive 
orogenic reworking. On the other hand, only very few 
studies report lithium occurrences related to the young 
Mediterranean orogens suggesting either a lack of 
exploration in this geographical area or a significant 
difference between the Variscan and the youngest 
orogenies.  
Meanwhile, a heterogeneity of knowledge is 
observable regarding distinct countries and provinces. 
For instance, a great part of Europe appears 
underexplored/unstudied and may contain further lithium 
occurrences either as pegmatites or RMG and greisens.  
Moreover, description of Li-bearing minerals such as 
lithiophorite and Li-chlorite in sedimentary deposits such 
as bauxite, Mn-(Fe) and MVT deposits is/was not 
systematically reported as it was not of first interest in 
these deposit types, which may show a local significant 
Li-endowment such as in China (Wang et al. 2013). 
Regarding jadarite occurrences, greenfield 
exploration in Balkan countries may identify potential 
deposits related to lacustrine evaporate basins. This 
area is relatively underexplored and several exploration 
and mining companies showed recent interest. 
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